METHODS:
Plantar tissue specimens (n = 54) at six plantar locations ( Fig. 1 , hallux, first, third, and fifth metatarsal heads, lateral midfoot, and calcaneus) that were previously dissected, tested in compression [7, 8] , and refrozen from four fresh frozen cadaveric older diabetic feet and five non-diabetic older feet were used in this study. Specimens were repunched while frozen (12.7mm diameter), cut to a uniform initial thickness using a custom guillotine, placed in an environmental chamber at 100% humidity and 35°C, and adhered using cyanoacrylate to the material shear tester platens (Fig. 1) .
A static compressive strain was applied prior to shearing the tissue to emulate in vivo combined loading patterns. Target compressive strains were determined by loading the tissue to a target load based on specimen area, donor weight, normative ground reaction force and contact area, and isolation effects from dissecting surrounding tissue away [7, 8] . Target shear strains were estimated as 50% to 85% of initial thickness from in vivo fluoroscope images of barefoot gait for an adult male. Both shear strains were tested sequentially. First, the static compression was followed by 14 triangle waves (ten to precondition) at 1Hz to the 50% shear strain. After a five-minute rest period, a second test was conducted using 85% shear strain. After another five-minute rest period, a shear stress relaxation test was performed consisting of static compression followed by a 0.25s ramp and 300s hold to 85% shear strain.
Elastic parameters (triangle wave data) included peak compressive and shear stress (max force divided by original specimen area), peak strain (max displacement divided by initial specimen thickness), initial, toe, and final modulus (slopes of loading curve between inflection points), and energy loss (area between loading and unloading curves). Viscoelastic parameters (relaxation data) included curve slopes at three time intervals (initial: t = 0 to 0.5s, mid: t = 10 to 15s, and final: t = 290 to 300s) to compare relaxation rate and normalized curve area to compare relative total relaxation. Linear mixed effects regression was used to test for differences by disease status (significant if p < 0.05). Specimen (a) locations at the hallux (ha), first, third, and fifth metatarsal heads (m1, m3, m5), lateral midfoot (la), and calcaneus (ca) as well as (b) close-up of environmental chamber after adhering specimen to bottom platen using cyanoacrylate, and (c) after sealing chamber and pumping in moist warm air to maintain in vivo conditions.
RESULTS:
Several differences were found between test groups in the elastic parameters including a 52% increase in peak shear stress, a 63% increase in toe shear modulus, and a 47% increase in final shear modulus (Table 1) . For the viscoelastic parameters, a 62% increase in the peak shear stress and 67% increase in middle slope magnitude (sharper drop in relaxation) were observed for the diabetic tissue (Table 2) . Although peak compressive stress in the relaxation test was 40% higher in the diabetic tissue; this result was anticipated due to increased donor body weight and hence target load (the difference was not significant for the elastic data, likely due to inter-specimen variability). 
DISCUSSION:
The purpose of this study was to characterize any shear mechanical property changes that may play a role in ulcer formation in diabetic patients. Notably, plantar soft tissue with diabetes is 1.5 times as stiff as healthy tissue, a change of the same order of magnitude as previously observed in compression for the same specimens [7] . Limitations of this study include that neither the shear strain-rate sensitivity nor the mediallateral shear properties were examined to avoid over-testing the specimens. Further, all results were grouped together for both shear strain levels and differences between strain levels were not examined due to stress softening effects. Comparison of our work to previous estimates is difficult since we are unaware of other in vitro shear mechanical tests of the plantar soft tissue. Previous in vivo peak plantar shear stress for diabetic subjects range from 67kPa to 83kPa [3, 6] in comparison to 24kPa in this study. This difference is anticipated given that we used isolated plantar tissue specimens rather than intact feet.
SIGNIFICANCE:
This study demonstrates that changes occur in the shear mechanical properties of the plantar soft tissue with diabetes, most notably making it stiffer and thereby compromising its ability to dissipate the stresses borne by the foot; this may increase the risk of ulceration. These results have potential implications for diabetic foot care and plantar ulcer prevention if used in tandem with computational foot models, for example, to investigate orthotic shear stress reduction devices.
